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(54) TiUe: A METHOD OF REDUCING THE FORMATION OF PRIMARY PLATLET-SHAPED BETA-PHASE IN IRON CONTAIN- 
ING AlSi-ALLOYS, IN PARTICULAR IN Al-Si-Mn-Fe ALLOYS 



(57) Abstract 



Iron is a detrimental inipurity in alu- 
miniunn alloys since it causes hard and brittle 
iron-rich intermetallic phases to precipitate dur- 
ing solidification. The most detrimental phase 
in the microstnicture is the beta-phase of the 
Al5FeSi-type because it is platelet-shaped. The 
present invention provides a method of produc- 
ing iron-containing Al-alloys free from platelet- 
shaped beta-phase by controlling and regulat- 
ing the precipitation path during solidification 
such that the precipitation of Fe containing in- 
tennetallic phases starts with the precipitation of 
the hexagonal phase of the Al8Fe2Si-type. The 
presence of the AlgFeiSi-type phase result in 
that beta-phase will not develop the common 
platlet-morphology l>ut nucleate on and cover 
the Al8Fe2Si-type phase which in tirni has a less 
harmful morphology. Furthermore, the inven- 
tion defines the use of thermal analysis as a 
means for controlling the morphology of the pre- 
cipitates. 
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A METHOD OF REDUCING THE FORMATION OF PRIMARY PLATLET SHAPED BETA-PHASE 
IN IRON CONTAINING AISi-ALLOYS. IN PARTICULAR IN Al-Si-Mn-Fe ALLOYS 



The present invention relates to a method of producing iron-containing Al-alloys 
having improved mechanical properties, in particular improved fatigue strength, by 
controlling the morpholgy of the iron containing intermetallic precipitates. 



5 Iron is known to be the most common and at the same time most detrimental 

impurity in aluminium alloys since it causes hard and brittle iron-rich intemietallic 
phases to precipitate during soidification. The most detrimental phase in the 
microstructure is the beta-phase of the AlsFeSi-type because it is platlet-shaped. 
Since the detrimental effect increases ^vith increasing volume fraction of the beta- 
1 0 phase much interest has focused on the possibilites of reducing the formation of said 
phase, as recently reviewed by P.N. Crepeau in the 1995 AFS Casting Congress, 
Kansas City, Missouri, 23-26 April 1995. 

The problem related to iron contamination of aluminium alloys is of great 
1 5 economical interest since 85 % of all foundry allous are produced from scrap, the 
recycling rate is ever increasing (already higher than 72%) and the service life of 
aluminum is relatively short (of about 14 years). As a result diereof, the iron content 
in aluminium scrap continouosly increases since iron cannot be economically 
removed from aluminium. Dilution is the only practical method to reduce the iron 
2 0 content and the cost of aluminium is known to be inversely related ot its Fe content. 

On the other hand, iron is deliberately added in an amount of 0.6-2% to a number of 
die-casting alloys, eg BS 1490: LM5, LM9, LM20 and LM24. Moreover, due to the 
low diffiisivity of iron in solid aluminium there exist no practical possibility to 
reduce the deleterious effect of the iron containing precipitates by a heat treatment. 

25 

Iron has a large solubilty in liquid aluminium but a very low solubilty in solid 
aluminium. Since the partition ratio for Fe is quite low, iron will segregate during 
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solidification and cause beta'-phase to form also at relatively low iron contents as 
shown by BSckerud et al in "Solidification Characteristics of Aluminium Alloys", 
Vol. 2, AFS/Skanaluminiimi, 1990. In said book the composition and morphology of 
iron containing intermetallic phases are detailed in relation to the Al-Fe-Mn-Si 
system. 

The two main types occuring in Al-Si foundry alloys are the AlsFeSi-type phase and 
the Ali5Fe3Si2-type phase. Moreover, a phase of the AlgFeaSi-type may form. These 
intermetallic phases need not be stoichiometric phases, they may have some 
variation in composition and also include additional elements such as Mn and Cu. In 
particular Ali5Fe3Si2 may contain substantial amounts of Mn and Cu and could 
dierefore be represented by tfie formula (Al,Cu)i5(Fe,Mn)3Si2. 

However, for typing reasons die simplified formulas Ali5Fe3Si2, AlsFe2Si and 
AlsFeSi are preferred in the following. Accordingly, it is to be understood that 
compositional and stoichoimetrical deviations of the phases at issue are covered by 
the simplified formulas. 

The AlsFeSi-type phase, or beta-phase, has a monoclinic crystal structure, a plate 
like morphology and is brittle. The platlets may have an extension of several 
millimeters and appear as needles in miCTOgraphic sections. 

The Al8Fe2Si-type phase has a hexagonal crystal structure and depending on the 
precipitation conditions this phase may have a faceted, spheroidal or dendritic 
morphology. 

The AlisFe3Si2-type phase (often named alpha-phase), has a cubic crystal structure 
and a compact morphology, mainly of the Chinese script form. 

In the Al-Fe-Mn-Si syston these three phases have been represented in the Si-FeAl3- 
MnAl6-equilibrium phase diagram as described by Mondolfo, Fig. 1. It may be noted 
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10 



15 



20 



that the AlisFeaSia-type intennetalhc is denoted (Fe,Mn)3Si2Al,5 in this figure. Point 
A represents the composition of a foundry alloy of the conventional A380-type and 
it can be seen that its original composition lies within the (Fe,Mn)3Si2Al,5 area. The 
solidification of such an alloy typically starts Nvith the precipitation of aluminium 
dendrites and, in course of the solidifcation, the interdendritic liquid becomes 
sucessivley enriched in iron and silicon. As a result, the AlisFejSia-type intermetallic 
phase starts to precipitate (represented as(Fe,Mn)3Si2AI,5in this diagram). Fe and 
Mn are consumed due to this reaction. The liquid moves towards the AljFeSi-area 
and starts to co-predpitate laige platelets of AIjFeSi-type phase until the liquid 
composition reaches the eutectic composition at point M in the phase diagram where 
the main eutectic reaction take place. For further details on the solidification of 
commersial aluminium foundry alloys, reference is given to Backerud et al, 
"Solidification Characteristics of Aluminium Alloys". Vol. 2, Foundry alloys, 
AFS/Skanaluminium, 1990. 



As already pointed out, the primaiy platelet-sh^ beta-phase of the AljFeSi-type is 
the most detrimental iron containing intermetalHc phase in aluminium alloys because 
of its morphology. The large beta-phase platelets have been reported to decrease: 
ductility, elongation, impact strength, tensile strenght, dynamic fracture thoughness 
and impact thoughness. The effect has been attributed to; easier void fonnation, 
cracking of the platelets and microporosity caused by die laige beta-phase platelets. 
In addition, the coarse beta-phase platelets have been reported to infer with feeding 
and castability and thereby increase the porosity. The periiaps most important effect 
of the platelets for many industrial applications is that they give rise to microporosity 
25 which is the most likely source of cradc initiation. 

In summary, it can be concluded that increased Fe may result in unexpected 
formation of the deleterios platelet-shaped beta-phase. The beta-phase forms above a 
critical iron contmt, cauang die mechanical properties to decrease drastically. 

30 
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Accordingly^ in the prior art much work has been directed to the possibilites of 
avoiding the formation of beta-phase. 

Prior art methods for reducing the formation of beta-phase can be grouped into the 
5 following four classes: 

1. Control of Fe-content. 

2. Physical removal of Fe. 

3. Chemical neutralization. 
10 4. Themial interaction. 

The first method is based on careful control and selection of the raw materials used 
(ie low-Fe scrap) or dilution with pure primary aluminium. This method is very 
costly and restricts the use of recycled aluminium. 

15 

The second method relates to sweat melting and sedimentation of iron rich 
intermetallic phases by the so called sludge. However, both methods result in 
considerable aluminium losses (about 10%) and are therefore economically 
unacceptable. 

20 

Chemical neutralization is, so far, tiie most used technique. Chemical neutralization 
aims at inhibit the platelet morphology by promoting the precipitation of the 
AlisFe3Si2-type phase ^^ch has a Chinese script morphology by the addition of a 
neutralizing element. In the past, most work has been directed to use of the elements 

2 5 Mn, Cr, Co and Be. However, these additions have only been sucessful to a limited 

extent. Mn is the most frequently used element and it is common to specify %Mn > 
0.5(%Fe). However, the amount of Mn needed to neutralize Fe is not well 
established and beta-phase platelets may occur even when %Mn > %Fe. This 
method can be used to suppress the formation of beta-phase. However, it is to be 

3 0 noted that the total amount of iron containing intermetallic particles increases with 

increasing amount of manganese added. Creapeau has estimated that 3.3 vol.% 
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5 

intermetallic form for each weight percent of total (%Fe+%Mn+%Cr) with a 
corresponding decrease in ductility. In addition, large amounts of Mn are costly. 
Chromium and Co have been been reported to act similar as Mn and both elements 
suffer from the same drawbacks as Mn, Beryllium works in another way in that it 
5 combines with iron to form Al4Fe2Be5, but additions >0.4 %Be arc required which 
causes high costs in addition to the safety problems related to the handling of Be 
since it is a toxic element 

The last method -thermal interaction- can be performed in two ways. Firsdy, by 
1 0 overheating the melt prior to casting in order to reduce nucleating particles that form 
the detrimental phases. However, hydrogen and oxide contents increases, process 
time is consimied and costs are incurred The second possibili^ is to increase the 
cooling rate in the combination with an addition of Mn* By increasing the cooling 
rate the amount of Mn needed decreases some>^at. Although this technique limits 
1 5 the drawbacks of the chemical neutralization Mn it may be hard or impossible to 
put into practice in commercial foundry production, in particular for conventional 
casting in sand moulds and permanent moulds with sand cores. 

Accordingly, the object of this invention is to propose an alternative method to avoid 
2 0 the formation of the deleterios plate like beta-phase in iron containing aluminium 
alloys. In particular, it is an object to propose a method which does not suffer from 
the above mentioned problems. 

In accordance with the invention, this object is accomplished by the features of 

2 5 claim 1 . Preferred embodiments of the method are shown in dependent claims 2 to 

10. Claim 1 1 defines the use of thermal analysis for controlling the morphology of 
iron containing intermetallic precipitates in iron containing aluminium alloys 
according to claim 1 and claim 12 defines a preferred embodiment of claim 1 1 . 

3 0 The method according to this invention is based on the finding that the precipitation 

of platelet-shaped beta-phase of the AlsFeSi-type can be suppressed by a primary 
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precipitation of the hexagonal AlgFe2Si-type phase. The presence of said AlgFeaSi- 
type phase result in that when beta-phase precipitates it will not develop the 
common platlet-morphology but rather nucleate on and cover the Al8Fe2Si-type 
phase which in turn has a less harmful morphology. 

The method of the invention has a number of advantages. Since the precipitation 
path during solidification can be controlled to avoid the formation of beta-phase 
platlets, the iron content need not be decreased. In apparent contrast to conventional 
practice, allowable iron contents may even be increased since iron can influence 
positively on the precipitation of AlgFeaSi-type phase. As a result, cheaper raw 
material can be used Due to the fact that Mn-additions can be avoided, alloy costs 
are saved and ductility increases as far as the total amount of iron containing 
intennetallic particles is reduced 

The invention will now be described in relation to some examples and with 
reference to the accompanying figures in ^^ch: 

Fig 1 is a part of the Al-Fe-Mn-Si system as described by Mondolfo. It discloses the 
Si-FeAl3-MnAl6-equitibriimi phase diagram. 

Fig. 2 shows principally the result of a thermal analysis of an aluminium A380-type 
alloy, wherein the sohdification rate (relative rate of phase transformation)(dfs/dt) 
has been represented as a function of the fiaction solid (fs). 

Fig 3 shows principally the result of a thermal analysis of a boron alloyed A380-type 
alloy represented in same way as in Fig 2. 

Fig 3 a discloses the result prior to regulation of the crystallization path and Fig. 3 b 
shows the result after addition of the precpitation regulating agents(0. 1 5 %Ti and 
0.02 %Sr). 
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Thermal analysis was perfonned for an A380 alimiinium alloy with and without the 
addition of a crystallization modifying agent The analysis of the base alloy is given 
in Table 1. 



5 Table 1 : Chemical composition of the base alloy A380 (in weight %). 

Si 9.04 

MnO.29 

Fe 0.95 
10 Cu3.1 

Cr0.06 

Mg0.04 

Zn2.3 

Ti 0.04 
15 Ni 0.12 

Sr <0.01 



balance Al, apart from impurities. 



Sample A represents the base alloy and sample B an alloy to which Ti and Sr were 
added in amounts of 0. 1 % and 0.04%, respectively. Ti was added to die melt in the 
form of an Al-5%Ti-0.6%B alloy and Sr in the form of an Al-10%Sr alloy, the 
former gave rise to a B content of 0.012% in the melt. The position of both alloys 
lies widiin die 

(Fe,Mn)3Si2Ali5 area in the Si-FeAla-MnAle-equihbrium phase diagram and can be 
represented by point A in Fig 1. 

About 1 kg of the alloy was melted in a resistance furnace and kept at 800 C. 
Additions were made and die mdt was hdd for 25 minutes at diis temperature. 
Thereafter the solidfication process was investigated by tfiomal analysis as 
described by Bdckerud et al in "Solidification Characteristics of Aluminium Alloys", 
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AFS/Skanaluminium, VoL 1, 1986. The graphite midble was preheated to 800 C, 
filled with the melt, placed on a fibrefi-ax felt, covered with a fibrefi-ax lid and 
allowed to cool freely, which led to a cooling rate of approximately IK/s. Samples 
were taken 10 nmi above the bottom of the crucible for metallographic examination. 

In order to examine the nucleation and growth process of the iron containing 
intermetallic phases, specimens were also quenched in water at specific 
solidification times. 



10 The solidification process was analysed by conventional thermal analysis as 

described in the reference given above. Thermal analysis data was collected in a 
computer in order to calculate rate of solidification (dfs/dt) and fi-action solid (fs) 
versus time (t). The solidification process was represented by plotting the 
solidific^on rate (relative rate of phase transfoimattonXdfs/dt)as a fimction of the 

15 fi-action solid (fs). Curve A (Fig. 2) is fi-om the solidification of the base alloy and 
curve B is that of sample 8,(0. 1 %Ti and 0.04 %Sr added). 



The solidification of the base alloy, curve A, follows the scheme: 



20 Reaction 1 Development of dendritic network 

Reaktion 2 Precipitation of AlMnFe containing phases 

Reaction 3 Main eutectic reaction 

Reaction 4 Formation of complex eutectic phases 



25 The metallographic examiniation of the microstructure of sample A revealed both 
beta-phase of the AlsFeSi-type and Ali5Fe3Si2-type phase as iron containing 
intormetallic phases. In the polished section the platelet-like beta-phase appeared as 
large needles and the Ali5Fe3Si2-type phase as Chinese script. The solidfication of 
sample A can be described in the following manner in relation to Fig. 1 , \sdiere point 

30 A represents the composition of the alloy: First aluminium dendrites are precipitated 
and thereafter Ali5Fe3Si2 starts to pricipitate. Mn and Fe are then consumed and 
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15 



20 



point A moves towards the AljFeSi area. As a result AljFeSi (beta phase) starts to 
precipitate shortly after the Al.sFejSia-phase. In Fig. 2 the preciptation of primary 
aluminium is represented by Rl and the precipitation of the intermetallic phases are 
represented by the two peaks in the R2 area 

The solidfication of sample B followed curve B in Fig, 2. In this case it is to be 
noted that no peak for reaction 2 could be observed and that reaction 3 was 
postponed A detailed analysis of the data coUected during the diennal analysis 
showed that by the additions made to sample B the liquidus temperature rose about 6 
K (the liquidus line KM in Fig. 1 moves towards the AlisFeaSij-arca) and the main 
eutectic reaction was postponed and occured at a lower temperature. This favours 
point A to be in or closer to the AlgFejSi-area. As a result, the fraction solid (fs) at 
start of the main eutectic reaction (reaction 3) was increased and in a polished 
section of this sample neither beta-phase of the AIjFcSi-type nor AlisFcjSir-iAase 
could be identified The iron intermetallic phase precipitated was identified to be the 
hexagonal Al8Fe2Si-type phase v\*ich occured as small, mainly faceted, particles. 
Clenching experiments showed that AlgFesSi-type particles started to precipitate at 
nearly the same time as the precipitation of dendritic aluminium. This faceted phase 
was found to decrease in size and change its moiphology from faceted to spheroidal 
with increasing cooling rate. At higher cooling rates, the faceted particles became 
rather small and homogeneously distributed 



All thermodynamic and kinetic factors influencing the formation of iron containing 
intermetallic phases are not known in detail. However, it is thought that the addition 
25 of one ore more regulating agents, made in accordance with this invention to 

regulate the condition of crystallization, acts in one or more of the following ways 
on the formation of the AlgFejSi-type phase: 

1 . Increase in liquidus temperature (eg Ti, Zr). 
30 2. Decrease of die eutectic tempoature (eg Sr). 

3. Displacement of the starting point in tfie phase diagram (Fe). 
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4. Inocculation of the Al8Fe2Si-type phase. 

The first two points have already been discussed in relation to the solidification of 
sample B. 

5 

The third mechanism is mainly related to tiie iron content of the starting aUoy. The 
iron content infuoaces the solidfication path in two ways; firsdy, the starting point in 
the Si-FeAl3-MnAl6-equilibrium phase diagram is moved towards the iron rich 
comer of the phase diagram and, secondly, the residual interdendritic melt will 

10 enrich more heavily in iron due to segregation. As a result thereof the melt will first 
reach the Al8Fe2Si area and cause Al8Fe2Si-type phase to precipitate. 
Finally, it is plau^ble that complex boride phases form in the melt, eg as a result of 
die use of master alloys for alloying and/or grain refining purposes. These master 
alloys often contain borides which, in turn, are known to react with other elements in 

15 the melt (such as Sr, Ca, Ni and Cu) to form mixed boride phases. As an example, if 
Sr is present in the melt it will react with the boride particles AIB2 or TiB2 to form 
mixed borides having increased cell parameters as compared to the piu-e AIB2 or 
TiB2. As a result thereof, the misfit between the hexagonal Al8Fe2Si-type phase and 
the hexagonal borides will decrease and, hence, favour the nudeation of AlgFe2Si- 

2 0 type phase on the mixed borides. 

However, the most important finding is diat the precipitation of the pladet-shaped 
beta-phase of the AlsFeSi-type can be suppressed by a primary precipitation of the 
hexagonal Al8Fe2Si-type phase. It is thought that the precipitation of beta-phase is 

25 not inhibited by the presence of said Al8Fe2Si-type phase but that the beta phase 

cannot develop the common platlet morphology since it will nucleate and precipitate 
on the Al8Fe2Si-type phase. Accordingly, the iron containing intermetalUcs formed 
must be supposed to have a core of the hexagonal AlgFcsSi-type phase covered with 
a layer of the monoclinic beta-phase of die AlsFeSi-type. Since the morphology of 

30 these "duplex" intermetallic particles is govemed by the Al8Fe2Si-type phase no 

platlets are formed and the porosity in the solidified structure will be a considerably 
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decreased Consequently, the mechanical properties of the final product will 
iminove, in particular the fatigue strength. 

The use of thermal analysis for controlling the morphology is further exemplified in 
5 relation to sample C which is a boron alloyed (0. 1 %B) A380-type alloy. A sample 
of this alloy was taken and analysed by thomal analysis in die same manner as 
previously described By analysing tfie curve of Ae thermal analysis. Fig. 3a, the 
precipitation of beta-phase could easily be determined and it could also be 
determined that the precipitation started eariy (ie at a low fs). In order to regulate the 

1 0 precipitation path during solidification such that the precipitation of the iron 

containing intermetallic phases starts with the precipitation of the hexagonal phase 
of the AlgFeaSi-type a regulating agent was added to the melt in an amount of 0. 1 5 
%Ti and 0.02 %Sr. The precipitation path during soUdification was reinvestigated by 
thermal analysis. Fig. 3b, the absence of the R2-peak and, hence, primary beta-phase 

15 is apparent. The mdt was then subjected to casting. 

Metallographic samples were taken fix)m both samples as well as fi-om the final 
product and examined by standard metallographic techniques. In the polished section 
of the uncorrected sample C, large and long needles of beta-phase was observed. 

2 0 However, the strucUu-e of the sample examined after coirection as well as that of the 

final product no needles of beta-phase were observed The iron containing 
intermetallic phase precifntated appeared as a large number of small faceted particles 
as typical for the AlgFe2Si-type {Aase. 

25 Although, thermal analysis is a preferred method to investigate the solidification 
path and to identify the precipitation of beta-phase other methods may be used 
depending on local factors such as: production program, time limitations and 
prevailing facilities. From the examples givni above it is apparent that the phases 
precipitated and their morphology can be identified by conventional metallo-graphic 

3 0 examination of a solidified samfde. Accordingly, by analysing the structure of a 

sample solidified at a desired solidification rate, it would be possible to examine the 
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mor-phology of the precipitated phases and thereby to identify the precence of beta- 
phase in the structure. The conditions of crystallization could then be corrected by 
addition of one or more of the modifying agents Fe, Ti, Zr, Sr, Na and Ba one or 
more times, if necessary, in order to obtain the desired precipitation path. However, 
this controlling method is deemed to take longer time than thermal analysis. Alter- 
natively, the chemical analysis might be used to calculate the activities of the 
elements in the melt, the position of the melt in the actual phase diagram, the 
segregation during solidification and so forth. These data could then be used, alone 
or in combination with an expert system, for calcu-lation of the solidification path of 
the alloy. In addition, additions necessary to ensure that the precipitation of the iron 
containing intermetallic phases starts with the preci-pitation of the hexagonal phase 
of the AlgFe^Si-type could possibly be calculated for the desired solidification rate. 
However, at preset no such system is fully developed to suit foundry practice. 



9713882A1J_> 



wo 97/13882 



13 



PCT/SE96/01254 



Claims 



1 A method for producing an iron containing aluminium alloy free from primary 
platelet-shaped beta-phase of the AlsFeSi-type in the solidified strucnire by the steps 
of 



a) providing an iron containing aluminium aUoy having a composition within the 
following hmits (in weight %): 
Si 6-14 
10 Mn 0.05-1.0 
Fe 0.4-2.0 
at least one of 

1) Ti and/or Zr 0.01-0.8 

2) Sr and/or (Na and/or Ba) 0.005-0.5 
1 5 optional one or more of 

Cu 0-6.0 
Cr 0-2.0 
Mg 0-2.0 
Zn 0-6.0 
20 B 0-0.1 

balance Al apart from impurities. 



b) controlling and regulating the precipitation path during solidification such that the 
precipitation of Fe containing intemietalhc phases starts with the precipitation of the 
h^cagonal phase of the AlgFezSi-type by 

bl ) regulating the condition of crystallization by addition of one or more of Fe, Ti. 
Zr, Sr, Na and Ba within the limits specified in step a) and 
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b2) identifying the phases and/or the morphology of the phases that precipitate 
during the solidification and, if necessery, correct the addition one or more times in 
order to obtain the desired precipitation path, and 

5 c) solidifying the alloy at the desired solidification rate. 

2. A method according to claim 1 vs^ercin the identification of the phases and/or the 
morphology of the phases that pre-cipitates during the solidification is performed by 

10 at least one of thermal analysis, metallographic method and numerical calculation. 

3. A method according to anyone of the preceeding claims v^ercin the condition of 
crystallization in step bl ) is per-formed by the addition of Ti, preferably 0. 1 -0.3 
%Ti, most preferably 0. 1 5 to 0.25 %Ti. 

15 

4. A method according to anyone of the preceeding claims vs^erein the condition of 
crystallization in step bl) is per-formed by the combined addition of Ti and Sr, 
preferably 0.1-0.3 %Ti and 0.005-0.03 %Sr, most preferably 0.15 to 0.25 %Ti and 
0.01-0.02 %Sr. 

20 

5. A method according to anyone of the preceeding claims wherein the condition of 
crystallization in step bl) is per-formed by the addition of Fe, preferably 0.5-1.5 
%Fe, most preferably 0.5-1.0 %Fe. 

25 6. A method according to anyone of the preceeding claims wherein the solidifcation 
rate is < 1 50 K/s, preferably < 100 K/s and most preferably < 20 K/s. 

7. A method according to anyone of the preceeding claims wherein the composition 
of the liquid alloy lies within the (Fc,Mn)3Si2Ali5-area in the Si-FeAla-MnAle- 
3 0 equilibrium phase diagram. 
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8. A method according to anyone of the preceeding claims wherein the aluminium 
alloy has a composition within the following limits (in weight %): 

Si 7-10 

Mn 0.15-0.5 
Fe 0.6-1.5 
Cu 3-5 

9. A method according to anyone of the preceeding claims wherein the aluminium 
alloy has a composition within the following limits (in weight %): 

Si 8.5-9.5 
Mn 0.2-0.4 
Fe 0.8-1.2 
Cu 3.0-3.4 

10. A method according to anyone of the preceeding claims wherein the element or 
elements regulating the condition of crystallization is added in the form of a master 
alloy, pre-ferably a master alloy containing particles widi a hexagonal structure, said 
master alloy preferably contains a nudating agent for the AlgFeSij-phase. 

1 1 . A method according to claim 1 characterized in that the phases and/or the 
morphology of the phases that precipitate during the solidification is identified by 
using thermal analysis. 

12. A method according to claim 1 1 wherein the data of the thermal analysis is used 
for controlling and regulating the pred-pitation path during solidification such that 
the precipi-tation of Fe containing intermetallic phases starts with the precipitation 
of the hexagonal friiase of the AlgFesSi-type. 
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